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Interaction networks in molecular biology 

•  Protein-protein interactions 
•  Protein-DNA interactions 
•  Genetic interactions 
•  Metabolic reactions 
•  Co-expression interactions 
•  Text mining interactions 
•  Association networks 

Barabasi & Oltvai, Nature Reviews, 2004 
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Graphs 

• Graph G=(V, E) is a set of vertices V and edges E 

• A subgraph G’ of G is V’ ⊂ V and E’ ⊂ E 

• Graph properties: 
– Connectivity (node degree, paths) 
– Cyclic vs. acyclic 
– Directed vs. undirected 
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Protein network representations 

gene A gene B 
regulates 

gene A gene B 
binds 

gene A gene B 

reaction  
product 

is a  
substrate for 

regulatory interactions 
(protein-DNA) 

functional complex 
B is a substrate of A 

(protein-protein) 

metabolic pathways 
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Degree or connectivity 

Barabási AL, Oltvai ZN. Network biology: understanding the cell's 
functional organization. Nat Rev Genet. 2004 Feb;5(2):101-13 
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Shortest-Path between nodes 
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Shortest-Path between nodes 
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Longest Shortest-Path 
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The three steps of MCODE 

1.  Vertex weighting 

2.  Complex prediction 

3.  Post-processing 

Molecular Complex Detection 

MCODE 

The MCODE algorithm 
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Vertex (nodes) weighting 
Vertex weighting 

1.  Find neighbors 
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Vertex (nodes) weighting 
Vertex weighting 

1.  Find neighbors 

2.  Get highest k-core 
graph 

K-core graph: 

A graph of minimal degree k, i.e. 

All nodes must have at least k connections 
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Vertex (nodes) weighting 
Vertex weighting 

1.  Find neighbors 

2.  Get highest k-core 
graph 

3.  Calculate density of k-
core graph 

Density: 

Number of observed edges, E, divided by 
the total number of possible edges, Emax 

Emax = V (V-1)/2  (networks without loops) 
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Vertex (nodes) weighting 
Vertex weighting 

1.  Find neighbors 

2.  Get highest k-core 
graph 

3.  Calculate density of k-
core graph 

4.  Calculate vertex (node) 
weight: 

 Density * kmax 

Density: 

Number of observed edges, E, divided by 
the total number of possible edges, Emax 

Emax = V (V-1)/2  (networks without loops) 
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Molecular complex prediction 
Complex prediction 

1.  Seed complex by nodes 
with highest weight 

2.  Include neighbors if the 
vertex weight is above 
threshold (VWP) 

3.  Repeat step 2 until no 
more nodes can be 
included 
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To read more about MCODE 
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Cytoscape 
•  Network visualisation and analysis 
•  Free, open source software 
•  Popular in bioinformatics/systems 

biology 
•  Used in other fields 
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Cytoscape example 

Workman et al. Science 2005 
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And now on to the Cytoscape exercise 
NOTE: We skip Q5. 

Credit note: most of these slides were 
created by Prof. Christopher Workman, 
for the course 27041 Systems Biology 


